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1. INTRODUCTION {#cas13430-sec-0001}
===============

Chronic myelogenous leukemia (CML) is caused by the BCR‐ABL1 fusion gene on the Philadelphia chromosome. This leukemia tends to transform into an acute form and was, therefore, historically associated with a poor prognosis.[1](#cas13430-bib-0001){ref-type="ref"}, [2](#cas13430-bib-0002){ref-type="ref"} However, the advent of tyrosine kinase inhibitor (TKI) imatinib, which inhibits functions of BCR‐ABL1 protein, has dramatically improved the prognosis of CML patients.[3](#cas13430-bib-0003){ref-type="ref"} More recently, second‐generation TKI, such as dasatinib and nilotinib, have been found to induce faster and deeper molecular responses compared to imatinib.[4](#cas13430-bib-0004){ref-type="ref"}, [5](#cas13430-bib-0005){ref-type="ref"} Most patients who receive TKI therapy survive for more than a decade. Recent data have revealed that an increasing number of patients may gradually achieve a deep molecular response (DMR) if they continue to use second‐generation TKI for several years.[6](#cas13430-bib-0006){ref-type="ref"}, [7](#cas13430-bib-0007){ref-type="ref"} However, increasing concern surrounds the long‐term adverse effects and financial burden associated with TKI.[8](#cas13430-bib-0008){ref-type="ref"}, [9](#cas13430-bib-0009){ref-type="ref"}, [10](#cas13430-bib-0010){ref-type="ref"}, [11](#cas13430-bib-0011){ref-type="ref"}, [12](#cas13430-bib-0012){ref-type="ref"}

To address these concerns, the possibility of imatinib cessation has been extensively studied. In a prospective study first presented by a French group (STIM study), approximately 39% of CML patients who maintained DMR for ≥2 years while using first‐line imatinib could safely stop taking the drug after \>6 months,[13](#cas13430-bib-0013){ref-type="ref"} although patients who had received therapy for \>5 years or had a low Sokal score were significantly more successful. An Australian group also found that imatinib could be stopped after a 2‐year DMR consolidation period (TWISTER trial).[14](#cas13430-bib-0014){ref-type="ref"} Regarding second‐generation TKI, a Japanese prospective study demonstrated that approximately 49% of CML patients who achieved DMR for \>1 year during second‐line dasatinib therapy could successfully discontinue treatment for \>6 months,[15](#cas13430-bib-0015){ref-type="ref"} and attempts to discontinue nilotinib yielded similar observations.[16](#cas13430-bib-0016){ref-type="ref"}, [17](#cas13430-bib-0017){ref-type="ref"} Therefore, the second‐generation TKI appear to better enable chronic‐phase CML patients to achieve therapy discontinuation.

The optimal conditions for successful TKI discontinuation regarding the type of TKI, depth of DMR, duration and amount of TKI administration or consolidation after DMR, and criteria for molecular relapse are yet to be determined. Currently, several of the additional TKI discontinuation trials needed to elucidate these conditions are under way.[18](#cas13430-bib-0018){ref-type="ref"} Dasatinib induces increases in the populations of lymphocytes, large granular lymphocytes (LGL), natural killer (NK) cells and cytotoxic T cells, as well as a decrease in regulatory T cells (Tregs), especially in patients with good clinical responses,[19](#cas13430-bib-0019){ref-type="ref"}, [20](#cas13430-bib-0020){ref-type="ref"} and a recent report found an association between an expanded NK cell population and successful TKI cessation.[15](#cas13430-bib-0015){ref-type="ref"}, [21](#cas13430-bib-0021){ref-type="ref"} Therefore, the potential association between dasatinib‐induced lymphocyte changes in number and successful discontinuation of dasatinib is an area of growing interest.

In the ongoing Japanese multicenter prospective D‐STOP trial, we have attempted to discontinue dasatinib following a 2‐year consolidation in patients with CML who had achieved DMR. During this period, we monitored the peripheral lymphocyte profiles via flow cytometry to investigate their associations with successful discontinuation. Here we show that dasatinib specifically increased NK cells during consolidation, but not during discontinuation, and demonstrate that a lower percentage of NK cells during consolidation significantly increases the likelihood that a patient will achieve a longer treatment‐free survival (TFS).

2. MATERIALS AND METHODS {#cas13430-sec-0002}
========================

2.1. Study design and patients {#cas13430-sec-0003}
------------------------------

The D‐STOP trial (NCT01627132) is a multicenter, single‐arm, phase 2 study conducted over 22 centers in Japan. Figure [1](#cas13430-fig-0001){ref-type="fig"} presents the study schema for D‐STOP. Patients diagnosed with chronic‐phase CML and who achieved DMR after receiving any TKI were eligible for 2‐year dasatinib consolidation therapy with the intent to maintain DMR. The inclusion criteria were as follows: age ≥15 years, performance status (ECOG score) of 0‐2, and no severe primary organ dysfunction involving the liver, kidney or lungs. All previous treatments were permitted except for allogeneic hematopoietic stem‐cell transplantation. The exclusion criteria were as follows: other chromosomal abnormalities in addition to the Philadelphia chromosome, a history of *BCR‐ABL1* mutation, and/or other active malignant disorders. The D‐STOP trial was approved by the ethics committees of the participating institutes. All participants provided written informed consent in accordance with the Declaration of Helsinki.

![Flow chart of the D‐STOP trial. CML, chronic myelogenous leukemia; DMR, deep molecular response; RQ‐PCR, real‐time quantitative PCR; TFR, treatment‐free survival](CAS-109-182-g001){#cas13430-fig-0001}

2.2. Real‐time quantitative RT‐PCR {#cas13430-sec-0004}
----------------------------------

During the dasatinib‐consolidation phase, real‐time quantitative RT‐PCR (RQ‐PCR) analyses were performed every 3 months in the central laboratory (Bio Medical Laboratories \[BML\], Tokyo, Japan) to measure molecular responses[19](#cas13430-bib-0019){ref-type="ref"} according to the *BCR‐ABL1* International Scale (IS) and the laboratory\'s conversion factor,[22](#cas13430-bib-0022){ref-type="ref"} as previously described.[15](#cas13430-bib-0015){ref-type="ref"} In summary, *ABL1* was used as an internal control, and the cut‐off corresponded to *BCR‐ABL1* of 0.0069% IS or molecular response of 4.0 (detectable disease with a *BCR‐ABL1* \<0.01% IS or undetectable disease in cDNA with \>10 000 *ABL1* transcripts).[23](#cas13430-bib-0023){ref-type="ref"} Patients with DMR confirmation every 3 months during a 2‐year dasatinib consolidation period subsequently entered the discontinuation phase. Following dasatinib cessation, DMR were monitored by RQ‐PCR every month for the first year (clinical cut‐off), followed by every 3 months for the remaining 2 years (total = 3 years).

If *BCR‐ABL1* \>0.0069% IS was detected at any point during the consolidation or discontinuation phase, an additional RQ‐PCR was performed within 1 month. Two successive BCR‐ABL1 positive results confirmed a molecular relapse. For relapses occurring during the discontinuation phase, dasatinib was restarted at the previously effective dose. After dasatinib recommencement, the response was assessed by RQ‐PCR at 1, 3, 6 and 12 months. Dasatinib dose reduction was permitted at any time in response to adverse events based on physicians' judgment.

2.3. Flow cytometric analysis {#cas13430-sec-0005}
-----------------------------

The whole peripheral blood lymphocyte profiles were established by the central laboratory (BML) before and after 3, 6, 12 and 24 months of dasatinib consolidation. Blood samples were collected more than a few hours after dasatinib intake. Peripheral white blood cell counts were measured using an automated cell count analyzer. The flow cytometry methods have been previously described.[15](#cas13430-bib-0015){ref-type="ref"}, [19](#cas13430-bib-0019){ref-type="ref"}, [24](#cas13430-bib-0024){ref-type="ref"} In brief, the lymphocyte fraction was determined using forward‐scatter vs side‐scatter gating (Figure [S1A](#cas13430-sup-0001){ref-type="supplementary-material"}), and immunophenotypic examinations were performed using two‐color or three‐color flow cytometry on a FACSCalibur system with CellQuest software, version 3.3 (Becton Dickinson, Franklin Lakes, NJ, USA). All antibodies used in this study were purchased from Becton Dickinson. The defined lymphocyte subsets comprised NK cells (CD3^−^ CD56^+^ and CD16^+^ CD56^+^ cells), NK‐cell LGL (NK‐LGL, CD56^+^ CD57^+^), helper T cells (CD4^+^ CD8^−^), cytotoxic T cells (CD4^−^ CD8^+^), T‐cell LGL (T‐LGL) (CD3^+^ CD57^+^)[19](#cas13430-bib-0019){ref-type="ref"} and regulatory T cells (Tregs) (CD4^+^ CD25^+^ CD127^dim/−^)[25](#cas13430-bib-0025){ref-type="ref"} (Figure [S1B](#cas13430-sup-0001){ref-type="supplementary-material"}).

2.4. Definition of the endpoint {#cas13430-sec-0006}
-------------------------------

The primary endpoint was the 12‐month rate of TFS, defined as the time from the discontinuation of dasatinib to the date of molecular relapse. To establish the predictive factors associated with treatment‐free remission, we evaluated patients by sex, age at discontinuation, Sokal risk score at diagnosis, duration of *BCR‐ABL1* transcript negativity before consolidation, duration of TKI therapy before consolidation, total dose of dasatinib, and type of TKI used when DMR was achieved. We also assessed the above‐described lymphocyte subsets before and after 3, 6, 12 and 24 months of dasatinib consolidation while in TFS. Safety was evaluated throughout the consolidation period and adverse events were classified using the Common Terminology Criteria for Adverse Events, version 4.0.

2.5. Statistical analysis {#cas13430-sec-0007}
-------------------------

In this study, a sample size of at least 50 patients was determined to demonstrate that patients who discontinued dasatinib remained in TFS at a power \>80% when compared with data from a previous study.[13](#cas13430-bib-0013){ref-type="ref"} Each continuous variable was separated into two groups using the cut‐off points calculated by the concordance index.

A Kaplan--Meier analysis was used to calculate the proportion of patients in treatment‐free remission, and a log‐rank test was used to statistically compare the stratified groups (two or more). Cox proportional hazards analysis of significant predictors in the univariate analysis was used to calculate the factors contributing to successful discontinuation. Strongly correlated explanatory variables were independently entered into the Cox regression model. Factors significant in at least one of the tested models were considered possible independent predictors of relapse risk.

Receiver operating characteristic (ROC) curves were generated to determine the cut‐off values of lymphocytes (%), NK cells (% and counts) and clinical data for the Kaplan--Meier analysis. Optimal thresholds along ROC curves were determined by searching for plausible values where the sum of the sensitivity and specificity were maximized. A *P‐*value \<.05 was considered significant. The statistical software EZR on R commander (R Project for Statistical Computing, Vienna, Austria) was used for statistical analysis calculations.[26](#cas13430-bib-0026){ref-type="ref"}

3. RESULTS {#cas13430-sec-0008}
==========

3.1. Treatment‐free survival after dasatinib discontinuation {#cas13430-sec-0009}
------------------------------------------------------------

As shown in Figure [1](#cas13430-fig-0001){ref-type="fig"}, 60 patients with a confirmed DMR between 1 February 2012 and 31 January 2014 were enrolled into the dasatinib consolidation phase. Of these patients, 6 were excluded during consolidation because of consent withdrawal or fluctuations in the *BCR‐ABL1* transcript levels suggestive of a molecular relapse. Safety analyses revealed no severe (grade ≥3) treatment‐related toxic effects during the consolidation phase. A total of 54 patients (32 male, 22 female) were included in the dasatinib‐discontinuation (STOP) phase (Table [1](#cas13430-tbl-0001){ref-type="table-wrap"}).

###### 

Characteristics of the patients

  ----------------------------------------------------------------- -------------
  Age at discontinuation (y)                                        56 (27‐84)
  Sex                                                               
  Male                                                              32
  Female                                                            22
  Performance status                                                
  ≤1                                                                54
  Sokal score at diagnosis[a](#cas13430-note-0002){ref-type="fn"}   
  Low                                                               24
  Intermediate                                                      11
  High                                                              6
  Type of TKI when achieving DMR                                    
  Imatinib                                                          34
  Dasatinib                                                         19
  Unknown                                                           1
  BCR‐ABL(−) duration (mo)                                          51 (24‐173)
  Duration of TKI treatment (mo)                                    92 (36‐177)
  ----------------------------------------------------------------- -------------

DMR, deep molecular response; TKI, tyrosine kinase inhibitor.

Sokal scores were not available for 13 patients.

John Wiley & Sons, Ltd

The median age at treatment discontinuation was 56 (range: 27‐84) years. The median duration of TKI treatment was 92 (36‐177) months, and the median duration of *BCR‐ABL1* negativity before treatment cessation was 51 (24‐173) months. Patients were followed up for a median of 16 (3‐24) months after discontinuation. In total, 34, 19 and 1 patient used imatinib, dasatinib and an unknown agent, respectively, at the time of DMR achievement before consolidation. No patient received interferon‐alpha.

Regarding the clinical endpoint, the estimated overall probabilities of TFS were 68.5% (95% confidence interval \[CI\]: 54.3‐79.1) at 6 months and 62.9% (95% CI: 48.5‐74.2) at 12 months (Figure [2](#cas13430-fig-0002){ref-type="fig"}). Twenty patients experienced relapses during discontinuation phase, and most relapses occurred within 6 (and maximum 7) months. The loss of major molecular response (MMR) was observed in 20% of the relapsed patients. All relapsed patients responded to dasatinib within 3 months of recommencing treatment. MMR was achieved within 6 months in all patients and DMR within 12 months in 16 of the 19 patients evaluable within this period. No loss of a hematologic response, complete cytogenetic response or progression to advanced disease was observed.

![Estimated treatment‐free survival in the D‐STOP trial. The estimated treatment‐free survival of the patients who discontinued dasatinib (*y*‐axis) and the duration (months) of discontinuation (*x*‐axis) are shown. The dotted line indicates the 95% confidence interval](CAS-109-182-g002){#cas13430-fig-0002}

The clinical factors that affected molecular relapse during the discontinuation phase were analyzed (Figure [3](#cas13430-fig-0003){ref-type="fig"}). However, no significant associations of the 12‐month TFS rate were observed with patient characteristics such as sex (Figure [3](#cas13430-fig-0003){ref-type="fig"}A), Sokal score at diagnosis (Figure [3](#cas13430-fig-0003){ref-type="fig"}B), *BCR‐ABL1* mRNA negative duration (Figure [3](#cas13430-fig-0003){ref-type="fig"}C), duration of TKI treatment (Figure [3](#cas13430-fig-0003){ref-type="fig"}D), age at discontinuation (Figure [3](#cas13430-fig-0003){ref-type="fig"}E), total dose of dasatinib (Figure [3](#cas13430-fig-0003){ref-type="fig"}F) and type of TKI used when DMR was achieved (Figure [3](#cas13430-fig-0003){ref-type="fig"}G).

![Estimated treatment‐free survival according to patients' characteristics. The estimated treatment‐free survival rates according to patient characteristics, including sex (A), Sokal score (B), BCR‐ABL1 mRNA‐negative duration (C), duration of tyrosine kinase inhibitor (TKI) treatment (D), age at discontinuation (E), total dose of dasatinib (F), and the type of TKI when achieving a deep molecular response (G) are presented along the *y*‐axis. In all figures, the duration (months) of discontinuation is shown along the *x*‐axis. The cut‐off levels of each type of clinical data were determined using receiver operating characteristic (ROC) curve analyses as described in the Methods](CAS-109-182-g003){#cas13430-fig-0003}

At present, the last patient discontinued dasatinib more than 24 months ago and the actual late TFS rate at 24 months was calculated as 57%. This is consistent with the results of previous reports, which indicated that the most molecular relapses occur within 6 months after cessation, with a small percentage of patients experiencing late relapse.[27](#cas13430-bib-0027){ref-type="ref"}, [28](#cas13430-bib-0028){ref-type="ref"} We will report our final results at 3‐year follow‐up.

3.2. Clinical data during consolidation therapy {#cas13430-sec-0010}
-----------------------------------------------

Physicians were free to determine the dose of dasatinib during the consolidation phase. Of the 60 patients who entered the consolidation phase, 35% and 52% experienced transient suspension and reduction of dasatinib, respectively. The etiologies of the drug suspensions included 20 non‐hematological adverse events (G2--3) (13 pleural effusions, 1 chronic heart failure, 1 elongation of corrected QT in ECG, 1 renal failure, 1 hematochezia, 1 diarrhea, 1 general fatigue and 1 unknown) and 2 hematological adverse events (≥G3) (anemia and pancytopenia). The etiologies of the dose reductions included 31 non‐hematological adverse events (G2--3) (13 pleural effusions, 1 elongation of corrected QT in ECG, 1 liver dysfunction, 1 renal failure, 1 hematochezia, 2 diarrhea, 1 general fatigue, 2 alopecia, 1 fever, 1 appetite loss, and others) and 3 hematological adverse events (≥G3) (1 anemia, 1 thrombocytopenia and 1 pancytopenia). Pleural effusions were the major reasons for dose change. No patient withdrew from the study due to adverse events. Thirty‐four patients switched from imatinib to dasatinib at the start of consolidation. Patients switching to dasatinib for the first time during consolidation took 80.1% of the scheduled dose (100 mg/d) (n = 30).

3.3. Lymphocyte profiles during consolidation therapy {#cas13430-sec-0011}
-----------------------------------------------------

We divided patients in the D‐STOP trial into S (successful) and F (failed) groups, which, respectively, comprised those who discontinued dasatinib and remained in remission for \>7 months (n = 34) and those who relapsed during the observation period (n = 20). The absolute lymphocyte counts did not differ significantly between S and F groups before or after dasatinib consolidation therapy (*P* = .25 and .24, respectively) (data not shown). However, the relative lymphocyte count after consolidation increased significantly relative to the baseline values in F group (*P *= .0091\*) (Figure [4](#cas13430-fig-0004){ref-type="fig"}A(i)).

![Changes in the numbers of total lymphocytes and natural killer (NK) cell subsets during consolidation therapy with dasatinib after achieving a deep molecular response. In all figures, the solid line indicates the successful (S) group, which comprised patients who achieved successful discontinuation without relapse for \>7 mo (n = 34); the dotted line denotes the failed (F) group, which comprised patients with a molecular relapse during the observation period (n = 20). Data are presented as averages ± SE. The *x*‐axis indicates the duration of consolidation (months). The following data are presented on the y‐axes: (A(i)) Relative proportion of lymphocytes (%) compared to the baseline levels just before consolidation. (A(ii)) Proportion (%) of CD3^−^ CD56^+^ NK cells during consolidation. (A(iii)) Absolute number of CD3^−^ CD56^+^ NK cells during consolidation. (B(i)) Treatment‐free survival (TFS) rates of patients with lymphocyte counts ≥140% or \<140% relative to the baseline at the end of consolidation. The cut‐off level was determined using a receiver operating characteristic (ROC) curve analysis as described in the Methods. (B(ii)) TFS rates of the patients with CD3^−^ CD56^+^ NK cell proportions (%) ≥41% or \<41% at the end of consolidation. The cut‐off level was determined using an ROC curve analysis as described in the Methods. (B(iii)) TFS rates of the patients with CD16^+^ CD56^+^ NK cell proportions (%) of ≥35% or \<35% at the end of consolidation. The cut‐off level was determined using an ROC curve analysis as described in the Methods. (B(iv)) TFS rates of the patients with CD56^+^ CD57^+^ NK‐LGL proportions (%) of ≥27% or \<27% at the end of consolidation. The cut‐off level was determined using an ROC curve analysis as described in the Methods](CAS-109-182-g004){#cas13430-fig-0004}

We further assessed the proportion (%) of each lymphocyte subset among the total lymphocyte population and the absolute cell counts using flow cytometry. The proportion of CD3^−^ CD56^+^ NK cells did not differ between S and F groups before consolidation (*P* = .95); by contrast, this value increased significantly in F group during the consolidation period (*P* = .00016\*) but remained stable in S group (*P *= .69). After consolidation, both the proportion (Figure [4](#cas13430-fig-0004){ref-type="fig"}A(ii)) and absolute number of CD3^−^ CD56^+^ NK cells (Figure [4](#cas13430-fig-0004){ref-type="fig"}A(iii)) were significantly higher in F group than in S group (*P *= .0043\* and *P *= .015\*, respectively). In the S group, this NK cell population transiently increased at 12 months (*P *= .0094\*) and returned to baseline levels after consolidation (*P *= .75), resulting in a significant difference between the two groups after consolidation (Figure [4](#cas13430-fig-0004){ref-type="fig"}A(iii)).

Regarding CD16^+^ CD56^+^ NK cells, the proportions among total lymphocytes and cell counts in both groups exhibited similar changes during the consolidation period (Figure [S2A‐1,A‐2](#cas13430-sup-0002){ref-type="supplementary-material"}). The proportions of CD56^+^ CD57^+^ NK‐LGL cells among total lymphocytes did not differ significantly between the two groups before consolidation (*P *= .52); during the consolidation period, this proportion increased in F group (*P *= .0009\*) while remaining stable in S group (*P *= .36). After consolidation, the proportion of CD56^+^ CD57^+^ NK‐LGL cells was significantly higher in F group compared with S group (*P* = .0051\*) (Figure [S2B‐1](#cas13430-sup-0003){ref-type="supplementary-material"}). The absolute CD56^+^ CD57^+^ cell count also increased during the consolidation period in F group (*P* = .0004\*), whereas in S group this value increased transiently at 12 months (*P* = .0011\*) but returned to the baseline level after 24 months (*P* = .46) (Figure [S2B‐2](#cas13430-sup-0003){ref-type="supplementary-material"}).

Based on these observations, we our results were as follows. The patients with a relative lymphocyte change \<140% (as determined by ROC analysis) after consolidation had a significantly higher TFS rate (76%) than those with a change \>140% (38%) (*P* = .022\*) (Figure [4](#cas13430-fig-0004){ref-type="fig"}B(i)). The difference of CD3^−^ CD56^+^ proportions also led to a marked disparity in the TFS rates at 12 months between the patients with CD3^−^ CD56^+^ proportions of \<41% and ≥41% (ROC analysis) among total lymphocytes at the end of consolidation (77% vs 18%, respectively; *P* = .0008\*) (Figure [4](#cas13430-fig-0004){ref-type="fig"}B(ii)). A marked difference in TFS was also observed between patients with a CD16^+^ CD56^+^ proportion of \<35% vs those with a proportion ≥35% (ROC analysis) after consolidation (76% vs 10%, respectively; *P* \< .0001\*) (Figure [4](#cas13430-fig-0004){ref-type="fig"}B(iii)). A significant difference in the TFS at 12 months between patients with a CD56^+^ CD57^+^ NK‐LGL proportion of \<27% (ROC analysis) and those with a proportion of ≥27% after consolidation was also observed (84% vs 46%, respectively; *P* = .0059\*) (Figure [4](#cas13430-fig-0004){ref-type="fig"}B(iv)). Based on these results, we concluded that the increases in NK and NK‐LGL cells during the consolidation period correlated negatively with successful discontinuation.

Multivariate analysis was performed using factors such as sex, Sokal score, BCR‐ABL‐1 negative duration, duration of TKI treatment, patient age, total dasatinib dose, switching from imatinib to dasatinib before consolidation, the existence of imatinib resistance and levels of CD56^−^ CD3^+^ NK cells (\<41%) at the end of consolidation. In the univariate analysis, factors with *P*‐values of ≥.30 were excluded. Lower levels of CD3^−^ CD56^+^ NK cells at the end of consolidation were an independent predictive factor for TFS (Figure [S3](#cas13430-sup-0004){ref-type="supplementary-material"}). The final results will be reported at 3‐year follow‐up.

Regarding the cytotoxic T (CD4^−^ CD8^+^), T‐LGL (CD3^+^ CD57^+^) and regulatory T (Tregs; CD4^+^ CD25^+^ CD127^dim/−^) cell subsets, no significant differences in the proportions among total lymphocytes or absolute cell counts were observed between S and F groups before or after consolidation (Figure [S4A‐1, A‐2](#cas13430-sup-0005){ref-type="supplementary-material"}, [B‐1, B‐2](#cas13430-sup-0006){ref-type="supplementary-material"}, [D‐1 and D‐2](#cas13430-sup-0008){ref-type="supplementary-material"}). However, F group exhibited significant increases in cytotoxic T cells (Figure [S4A‐2](#cas13430-sup-0005){ref-type="supplementary-material"}, *P* = .0009\*) and T‐LGL (Figure [S4B‐2](#cas13430-sup-0006){ref-type="supplementary-material"}, *P *= .028\*) during consolidation. In contrast, the S group exhibited only a significant decrease in Tregs (Figure [S4D‐2](#cas13430-sup-0008){ref-type="supplementary-material"}, *P *= .035\*).

The proportion of helper T cells (CD4^+^ CD8^−^) among total lymphocytes was significantly lower in F group than in S group after consolidation (Figure [S4C‐1](#cas13430-sup-0007){ref-type="supplementary-material"}). However, as the absolute cell counts did not differ between the two groups during consolidation (Figure [S4C‐2](#cas13430-sup-0007){ref-type="supplementary-material"}), the difference appeared to arise from a relative increase in total lymphocytes in F group (Figure [4](#cas13430-fig-0004){ref-type="fig"}A(i)) and was not considered important. In summary, small and occasionally significant changes in T cell subsets were observed.

3.4. Changes in natural killer cell populations throughout the dasatinib discontinuation study {#cas13430-sec-0012}
----------------------------------------------------------------------------------------------

Rapid decreases in the lymphocyte, CD3^−^ CD56^+^ NK cell and CD56^+^ CD57^+^ NK‐LGL populations were observed after dasatinib discontinuation, and no significant differences remained between the S and F groups after 3 months (Figure [5](#cas13430-fig-0005){ref-type="fig"}A). We note that although NK cell counts may also have shifted over time, we did not collect additional data.

![Natural killer (NK) cell changes throughout the dasatinib‐discontinuation study. (A) (i) Lymphocytes, (ii) NK cells (CD3^−^ CD56^+^) and (iii) NK‐large granular lymphocytes (NK‐LGL; CD57^+^ CD56^+^) significantly decreased rapidly after dasatinib discontinuation in both the successful (S) and failed (F) groups (*x*‐axis: months after discontinuation of dasatinib, *y*‐axis: counts of lymphocytes, CD3^−^ CD56^+^ NK cells or CD56^+^ CD57^+^ NK‐LGL). Cell counts of lymphocytes, NK and NK‐LGL did not differ significantly between patient groups after 3 mo (*P* = .89, *P* = .064 and *P* = .065, respectively). (B) A rapid and significant increase in lymphocytes was observed after 12 mo of dasatinib re‐start for F patients with molecular relapses (*P* \< .0001\*) (*x*‐axis: months after dasatinib re‐start, *y*‐axis: lymphocyte counts). (C) The average counts of (i) lymphocytes, (ii) NK cells (CD3^−^ CD56^+^) and (iii) NK‐LGL (CD57^+^ CD56^+^) were lower in F patients (n = 20) relative to S patients (n = 34) before dasatinib‐consolidation; this pattern reversed after 3 mo of consolidation (*x*‐axis: months after dasatinib consolidation, *y*‐axis: lymphocyte counts). (D) The suggested hypothesis of NK cell transition during the dasatinib discontinuation study (*x*‐axis: treatments including the period of deep molecular response \[DMR\] induced by tyrosine kinase inhibitor \[TKI\] therapy \[DMR\], dasatinib consolidation therapy {DAS^+^ (consolidation phase)}, dasatinib discontinuation {DAS^−^ (discontinuation)} and dasatinib re‐treatment for molecular relapses in discontinuation‐failed patients {DAS^+^ (re‐start)}, *y*‐axis: NK cell counts). Dasatinib discontinuation‐successful patients (S) are indicated by the solid line; failed (F) patients are indicated by the dotted line. Patients who achieved DMR before consolidation therapy and were discontinuation‐successful tended to have a higher average NK cell count (as in C). During dasatinib consolidation, NK cells increased specifically in response to dasatinib much more in the F group than in the S group, as shown in Figure [4](#cas13430-fig-0004){ref-type="fig"}A,B. A similar increase may not occur during imatinib consolidation.[23](#cas13430-bib-0023){ref-type="ref"} However, NK cells rapidly decreased to the basal level after discontinuation, as in Figure [5](#cas13430-fig-0005){ref-type="fig"}A. During discontinuation, NK cells were higher in group S, as previously reported.[15](#cas13430-bib-0015){ref-type="ref"}, [21](#cas13430-bib-0021){ref-type="ref"}, [29](#cas13430-bib-0029){ref-type="ref"}, [30](#cas13430-bib-0030){ref-type="ref"} Furthermore, lymphocytes increased again after re‐starting dasatinib in the F group, further supporting a specific effect of dasatinib (B). Consoli., consolidation with dasatinib; DAS^+^, duration with dasatinib treatment; DAS^−^, duration without dasatinib treatment; DAS→DAS, patients who continued dasatinib before and during consolidation; DMR, duration of DMR with TKI therapy; F, failed group; IM→DAS, patients who switched imatinib to dasatinib just before consolidation; S, successful group](CAS-109-182-g005){#cas13430-fig-0005}

In F group, the lymphocyte population increased significantly after dasatinib re‐treatment for a molecular relapse (Figure [5](#cas13430-fig-0005){ref-type="fig"}B), indicating that dasatinib specifically increased NK cells. Before consolidation, S group tended to have a higher average NK cell count compared with F group; however, this trend reversed after 3 months (Figure [5](#cas13430-fig-0005){ref-type="fig"}C). When we determined the cut‐off level before consolidation, patients with a higher than average NK cell count tended to have higher TFS (data not shown), whereas during consolidation, F group was more likely to exhibit a larger dasatinib‐specific lymphocyte increase (%) from the baseline (Figure [4](#cas13430-fig-0004){ref-type="fig"}A(i--iii)).

At the start of consolidation, some patients switched from imatinib to dasatinib. These patients were specific to the D‐STOP study and were not included in previous cessation studies. These patients did not affect the TRF rate (Figure [1](#cas13430-fig-0001){ref-type="fig"}G). However, the relative increase in lymphocyte levels in the failed patients during consolidation (157.6 ± 26.3%) tended to be higher than that in patients who continued dasatinib (117.4 ± 13.7%). Therefore, such a patient population might emphasize our results over those of other studies.[13](#cas13430-bib-0013){ref-type="ref"}, [14](#cas13430-bib-0014){ref-type="ref"}, [15](#cas13430-bib-0015){ref-type="ref"}, [21](#cas13430-bib-0021){ref-type="ref"}

We considered the underlying mechanism of these NK cell changes during dasatinib discontinuation (Figure [5](#cas13430-fig-0005){ref-type="fig"}D). Before consolidation, NK cells tended to be higher in discontinuation‐successful patients (Figure [5](#cas13430-fig-0005){ref-type="fig"}C). Although these cells increased to a great extent in the discontinuation‐failed patients during consolidation (Figure [4](#cas13430-fig-0004){ref-type="fig"}A,B), the population contracted rapidly after discontinuation (Figure [5](#cas13430-fig-0005){ref-type="fig"}A). During discontinuation, NK cell numbers are reportedly higher among successful patients.[15](#cas13430-bib-0015){ref-type="ref"}, [21](#cas13430-bib-0021){ref-type="ref"}, [29](#cas13430-bib-0029){ref-type="ref"}, [30](#cas13430-bib-0030){ref-type="ref"} We observed that in the failed patients, the lymphocyte population increased again after re‐starting dasatinib, suggesting a direct effect of TKI on this cell population (Figure [5](#cas13430-fig-0005){ref-type="fig"}B).

4. DISCUSSION {#cas13430-sec-0013}
=============

The results of this study demonstrate the feasibility of achieving a high TFS rate with dasatinib consolidation for ≥2 years after achieving DMR; the dasatinib‐induced increase in NK cells during consolidation was found to correlate negatively with successful discontinuation.

We compared the D‐STOP and DADI trials,[15](#cas13430-bib-0015){ref-type="ref"} which included similar numbers of patients (63 and 54, respectively) with similar median ages (59 \[24‐84\] and 56 \[27‐84\]) years, respectively, to evaluate favorable conditions for dasatinib discontinuation. Both trials defined DMR at discontinuation and molecular relapse using RQ‐PCR data obtained at BML.[15](#cas13430-bib-0015){ref-type="ref"}, [22](#cas13430-bib-0022){ref-type="ref"} Patients in the DADI trial achieved DMR during second‐line dasatinib therapy after first‐line imatinib therapy.[15](#cas13430-bib-0015){ref-type="ref"} By contrast, patients in the D‐STOP trial underwent dasatinib consolidation after achieving DMR via treatment with any TKI, although the majority of patients had initially used imatinib (34 patients) or dasatinib (19 patients). Interestingly, the TFS rates of imatinib‐treated and dasatinib‐treated patients were extremely similar, with no significant differences (Figure [3](#cas13430-fig-0003){ref-type="fig"}G), indicating that the type of TKI used to achieve DMR was not important for successful discontinuation. The most significant difference between 2 studies was the duration of consolidation, which was 2 years in the D‐STOP but only 1 year in the DADI trial.[15](#cas13430-bib-0015){ref-type="ref"} In the D‐STOP study, the rate of imatinib resistance was 14.8% (8/54), which was lower than that in the DADI study (20.6%, 13/63).[15](#cas13430-bib-0015){ref-type="ref"} As imatinib resistance was a predictive factor for poor TFS in DADI, this may affect the TFS in the D‐STOP study. In contrast, the estimated TFS at 12 months in imatinib‐resistant patients and others were 62.5% (95% CI, 22.9‐86.1) and 62.9% (95% CI, 47.3‐75.1) (*P* = .94), respectively, in the D‐STOP study. These were not significantly different, and further analysis is necessary. The different TFS observed in D‐STOP (62.9% at 12 months) relative to DADI (49% at 6 months) might be attributable to these factors.

We previously reported that a relative increase in the levels of NK cells with initial dasatinib was associated with higher DMR achievement. Increased levels of NK cells may function to exclude CML cells before achieving DMR.[19](#cas13430-bib-0019){ref-type="ref"} Such patients with increased levels of NK cells could achieve DMR and enter a cessation‐study such as the D‐STOP. After the achievement of DMR, levels of NK cells may continue to increase or stabilize during consolidation. The D‐STOP trial indicated that patients with stable NK cells during consolidation were more successful in cessation.

After achieving DMR, NK cells may function differently for the immune surveillance to prevent molecular relapses. This was indicated by the previous reports that stated that the patients with successful discontinuation had larger and more functional NK cells than the failed patients.[15](#cas13430-bib-0015){ref-type="ref"}, [21](#cas13430-bib-0021){ref-type="ref"}, [29](#cas13430-bib-0029){ref-type="ref"}, [30](#cas13430-bib-0030){ref-type="ref"}

To explain the greater increase in NK cells following dasatinib consolidation in the failed patients during DMR in the D‐STOP trial, we first hypothesized that NK cells of the successful patients and those of the failed patients responded differently to dasatinib during DMR. NK cells in the failed patients who had lower immune surveillance capability may respond more and increase after dasatinib administration. The increase in NK cells seemed dasatinib‐specific and might be attributable to the inhibition of multiple kinases, such as c‐KIT, PDGF, SRC and Src family kinases, in addition to ABL1.[31](#cas13430-bib-0031){ref-type="ref"} Although SRC has been reported to be associated with NK cell function and signal transduction,[32](#cas13430-bib-0032){ref-type="ref"} the reason underlying dasatinib‐induced specific increase in NK cells during consolidation in the failed patients remains unclear. Differences in the immune functions, maturation, and genomic as well as epigenomic structures of NK cells of the successful patients and failed patients is a topic for future research.

Another hypothesis is that the increase in NK cells during DMR occurs through the off‐target effects of dasatinib only when residual CML cells with high expansion capacity are excluded by NK cells, even though present in a small number (\<MR4). Therefore, levels of NK cells stabilize when there are few residual CML cells with high expansion capacity, as is observed in the successful patients. In contrast, the levels of NK cells may increase with residual CML cells with high expansion capacity, such as imatinib‐resistant CML cells to be excluded by NK cells, as observed in the failed patients.

Such an increase in NK cells during consolidation was also induced specifically by dasatinib in DADI (Figure S3 in Imagawa[15](#cas13430-bib-0015){ref-type="ref"}); however, similar increases were not reported for imatinib cessation. Levels of NK cells were high in successful patients during discontinuation;[15](#cas13430-bib-0015){ref-type="ref"}, [21](#cas13430-bib-0021){ref-type="ref"}, [29](#cas13430-bib-0029){ref-type="ref"}, [30](#cas13430-bib-0030){ref-type="ref"} however, in the D‐STOP study, they were high during the consolidation phase in those who failed (Figure [5](#cas13430-fig-0005){ref-type="fig"}A). The levels of NK cells should be reversed before and after dasatinib cessation. In Figure [5](#cas13430-fig-0005){ref-type="fig"}, we proposed the possibility of reversing the levels of NK cells before and after dasatinib cessation. After 3 months, the sample size was not sufficient because data collection was not scheduled for all patients, and data could not be collected from those who relapsed in \<3 months and restarted dasatinib with further rise in the lymphocyte levels (Figure [5](#cas13430-fig-0005){ref-type="fig"}B).

In conclusion, we have demonstrated that a 2‐year consolidation with dasatinib after achieving DMR was feasible and yielded a high TFS rate after discontinuation. However, despite earlier reports that a larger NK cell population during discontinuation correlated with improved TFS,[15](#cas13430-bib-0015){ref-type="ref"}, [21](#cas13430-bib-0021){ref-type="ref"}, [27](#cas13430-bib-0027){ref-type="ref"}, [28](#cas13430-bib-0028){ref-type="ref"} we observed that a transient increase in NK cells during dasatinib consolidation was unfavorable for successful discontinuation.

D‐STOP showed that an increase in the levels of NK cells during dasatinib consolidation was negatively correlated with successful cessation. Therefore, patients with stable levels of NK cells with dasatinib consolidation after DMR may be good candidates for discontinuation. These findings may provide new insights into optimal TKI cessation.
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